Abstract-In this paper is used Finite Element
I. INTRODUCTION
In spite of its simple construction single phase shaded pole motor is very complex due to the existence of three magnetically coupled windings which produce an elliptic rotating magnetic filed in motor's air gap. Motor's rated data are: U n =220 V, f n =50 Hz, I 1n =0.125 A, P 1n =18 W, n n =2520 rpm and 2p=2.The arrangement of motor magnetic core and windings in presented in Fig.1 . In order to be analysed electromagnetic phenomena inside the motor FEM method is used with two different approaches: magneto-static and time-harmonic magnetic approach. Before starting the FEM analysis motor model is defined by inputting the exact motor geometry in software program FEM 4.2. Afterwards properties all materials inside the motor are defined. Very important issue is defining the boundary conditions on outer motor geometry and in this case are used Dirichlet-boundary conditions. Another important subject in motor modelling is defining the mesh of finite elements. By dividing the motor's cross section into large number of regions i.e. elements with simple geometry (triangles) the true solution of magnetic vector potential is approximated by a very simple function. In magnetostatic approach all electromagnetic quantities are time constant and they are analysed in certain moment of time, i.e. at frequency f=0 Hz, while in time harmonic magnetic approach all electromagnetic quantities are analysed at frequency f=50 Hz . In timeharmonic motor model only stator current is input in motor model and consequently currents in short circuit coil and rotor winding are freely induced. On that way analyse of electromagnetic phenomena inside the motor is closer to the real electromagnetic process inside the machine when it is supplied with voltage 220 V, 50 Hz. Both analyses are performed in 2D domain.
II. MODELLING OF MOTOR MODELS FOR FEM
FEM analysis of the motor is divided into three parts: preprocessing, processing and post-processing part. In preprocessing part motor geometry is defined and material properties. Calculation of currents are performed boundary conditions on outer motor geometry are defined and finite element mesh is defined. In order processing part to be executed and output results to be obtained system of Maxwell's equation should be solved. They differ in both cases: magnetostatic and time-harmonic.
A. Magneto-static analysis
Magnetostatic problems are problems in which the fields are time-invariant [1] . In this case field density H and flux density B must obey:
subject to a constitute relation between B and H for each material: 
The advantage of using the vector-potential formulation is that all the conditions to be satisfied have been combined into a single equation. If A is found, B and H can be deduced by differentiating A. After exact motor geometry is input boundary conditions are defined. For this specific motor model are chosen Dirichlet boundary conditions e.g. A=0. The most common use of Dirichlet-type boundary conditions in magnetic problems is to define A=0 along a boundary to keep the magnetic flux from crossing the boundary.
Properties of all materials are input in motor model. Beside inputting the magnetization curve as B=f(H) also the lamination of magnet material is input according to Fig. 2 (a) as well as fill factor. The result of this model is that one can account for laminations with hysteresis and eddy currents. In order magnetic vector potential A to be determined it is necessary the whole domain i.e. motor's cross-section to be divided into nummeries elements. On Fig.3 is presented finite element mesh consisted of N=16459 nodes and E=32447 elements.
Inputting of current densities in all three motor windings is done on consequently manner, first in main stator winding, than from the value of magnetic flux in short circuit coil current in the coil is calculated and input in motor model. Finally having the both stator currents and from the value of magnetic flux linkage in air gap, current is rotor squirrel cage winding is calculated. Having all three currents in motor model the program is run at stator frequency f=0 Hz.
B. Time harmonic analysis
When analysing induction machines, considering their AC excitation the air gap magnetic field is always a time-varying quantity [2] . In materials with non-zero conductivity eddy currents are induced, consequently the field problem turns into magnetodynamic i.e. non-linear time harmonic problem. When rotor is moving , the rotor quantities oscillate ate slip frequency . In this case the rotor bars conductivity σ is adjusted corresponding to the slip. Consequently following partial equation is going to be solved numerically: Strictly speaking the permeability μ should be constant for harmonic problems. However, FEM retains a nonlinear relationship in the harmonic formulation, allowing the program to approximate the effects of saturation on the phase and amplitude of the field distribution. FEM also allows for the inclusion of complex and frequency-dependant permeability in time harmonics. These features allow the program to model materials with thin laminations and approximately model hysteresis effects.
Program is run at constant frequency f=50 Hz. In motor model is input only current in main stator winding while currents in short circuit coil and rotor winding are freely induced.
III. POSPROCESSING AND OUTPUT RESULTS
After preparing the both motor models programs are run and postprocessing results such as magnetic field distribution in motor's cross section as well as spatial distribution of flux density in the middle air gap line are obtained. All results are presented for magnetostatic and time-harmonic analysis.
A. Results from magneto-static analysis
On Fig. 4 is presented magnetic flux distribution in the middle cross section of the shaded pole motor at following operation modes (a) no -load at I 0 =0,111A and slip s 0 =0,00098 (b) rated load at I n =0,125 A and slip s n =0,16 (c) locked rotor at I k =0,135 A and slip s k =1,0.
Density Plot: |B|, Tesla >1.858e+000 1.689e+000 : 1.858e+000 1.520e+000 : 1.689e+000 1.351e+000 : 1.520e+000  1.182e+000 : 1.351e+000  1.013e+000 : 1 Skewing of rotor channels in electrical machines is important in order to be avoided undesirable effect of high order harmonics. Modelling of skew of rotor channels is achieved by dividing motor's third dimension into n equal parts. Each neighbour parts are rotated for symmetrical angle α/n , where α=17° is the angle of skewing the rotor's channels.
On Fig. 6 and 7 are presented values of air gap flux linkage and electromagnetic torque for different rotor positions at value of the rated operating regime s n =0.16. Density Plot: |B|, Tesla 2.511e+000 : >2.643e+000 2.379e+000 : 2.511e+000 2.247e+000 : 2.379e+000 2.115e+000 : 2.247e+000 1.982e+000 : 2.115e+000 1.850e+000 : 1.982e+000 1.718e+000 : 1.850e+000 1.586e+000 : 1.718e+000 1.454e+000 : 1.586e+000 1.322e+000 : 1.454e+000 1.189e+000 : 1.322e+000 1.057e+000 : 1.189e+000 9.251e-001 : 1.057e+000 7.930e-001 : 9.251e-001 6.608e-001 : 7.930e-001 5.286e-001 : 6.608e-001 3.965e-001 : 5.286e-001 2.643e-001 : 3.965e-001 1.322e-001 : 2.643e-001 <0.000e+000 : 1.322e-001
(a)
Density Plot: |B|, Tesla 2.610e+000 : >2.747e+000 2.472e+000 : 2.610e+000 2.335e+000 : 2.472e+000 2.198e+000 : 2.335e+000 2.060e+000 : 2.198e+000 1.923e+000 : 2.060e+000 1.786e+000 : 1.923e+000 1.648e+000 : 1.786e+000 1.511e+000 : 1.648e+000 1.374e+000 : 1.511e+000 1.236e+000 : 1.374e+000 1.099e+000 : 1.236e+000 9.615e-001 : 1.099e+000 8.241e-001 : 9.615e-001 6.868e-001 : 8.241e-001 5.494e-001 : 6.868e-001 4.121e-001 : 5.494e-001 2.747e-001 : 4.121e-001 1.374e-001 : 2.747e-001 <0.000e+000 : 1.374e-001
(b)
Density Plot: |B|, Tesla 2.826e+000 : >2.974e+000 2.677e+000 : 2.826e+000 2.528e+000 : 2.677e+000 2.380e+000 : 2.528e+000 2.231e+000 : 2.380e+000 2.082e+000 : 2.231e+000 1.933e+000 : 2.082e+000 1.785e+000 : 1.933e+000 1.636e+000 : 1.785e+000 1.487e+000 : 1.636e+000 1.338e+000 : 1.487e+000 1.190e+000 : 1.338e+000 1.041e+000 : 1. IV. CONCLUSION Contemporary numerical method-FEM is used for calculation of complex electromagnet processes inside the SPSPM. Two motor models are developed. First one is used for magneto-static analyses of electromagnetic quantities at frequency f=0 Hz. Second one is developed for frequency 50 Hz and it includes the effects of nonlinearities like saturation and hysteresis. The accuracy of second model is confirmed by verification of obtained results for electromagnetic torque with other methods. From similarity of obtained results of flux distribution in cross section of both motor models it can be concluded that they have been developed with satisfactory accuracy. Methodology of development of time-harmonic model is closer the real processes inside the machine so this model is recommended for further analyses. Analytic-calculation Simulation FEMcalculation
